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Abstract: 
Biogas  production  in  Germany’s  rural  areas  has  witnessed  a  major  expansion  in  
recent years. This increase was mainly due to the special regulatory framework the 
government  has  introduced  to  meet  its  climate  protection  and  renewable  energy 
goals. 
This  dissertation  examines  the  German  framework  and  analyzes  its  economic, 
environmental and social sustainability. Special criteria for a possible adaptation of 
the  German  approach  have  been  chosen  and  applied  in  the  analysis  of  the 
applicability of the German legislation to Australian conditions.   
Germany’s efforts have been found to be very effective, as well as economically 
viable. It became clear that the major negative aspects of rural biogas production lie 
in the environmental effects that an intensive use of energy crops has rather than the 
use of agricultural wastes. 
As a result of analyzing the adaptability of the German framework to Australia, a 
mixed result has emerged. The need for reductions of greenhouse gas emissions from 
the Australian agricultural sector become obvious, accompanied by a great potential 
for the use of biomass for biogas production in rural areas.  Major barriers lie in the 
political enforceability and technological preparedness for new systems in Australia. 
Recommendations  for  further  research  and  policy  development  have  also  been 
provided. 
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1. Introduction 
 
1.1 Background 
 
Climate change and the fear of depleting oil and gas resources have lead to a boom in 
renewable energy technologies around the world. Germany, as part of the European 
Union
1, has made particular efforts to increase its share of “clean” energy and fuels 
in the market. The German government intends to expand the share of renewable 
energy of the country’s electricity supply to 25-30 percent by 2020 with a mix of 
different  renewable  energy  technologies  ranging  from  wind,  geothermal  and 
photovoltaic to biomass conversion systems. In order to support these new energy 
sources  and  increase  energy  autonomy  in  Germany,  new  legislation  has  been 
introduced and financial incentives established (Federal Ministry for Environment, 
Nature Conservation and Nuclear Security (BMU) 2008). 
In the context of this new framework, the production of biogas in rural areas has 
received special attention by the government. One reason for this is the promising 
opportunity to use agricultural products and wastes for climate protective electricity 
and heat production, the other is the possibility to generate a new income source for 
German farmers and therefore support rural areas without resorting to trade distorting 
subsidies, such as former agricultural policies had done. The decision to promote 
biogas production for electricity has been very strongly supported by agricultural 
groups and has been promoted by specific legislation. Besides biodiesel
2, biogas has 
become a major renewable energy source used in Germany.  It is produced from 
                                                 
1 The European Union has the goal to increase energy efficiency, the share of renewable energies and 
a reduction of greenhouse gases of 20% by 2020. (Source: European Commission: A Proposal for a  
DIRECTIVE OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL   
on the promotion of the use of energy from renewable sources (2008), Online: 
http://ec.europa.eu/energy/climate_actions/doc/2008_res_directive_en.pdf) 
2 Biodiesel is the main renewable fuel in Germany and is produced in large quantities. This is mainly 
due to a Biofuel-Quota-Act and a tax exemption scheme.   2 
renewable raw materials (biomass) and its use has grown to become a financially 
attractive income option for farmers (BMU 2008). 
When comparing the situation in Germany with that of other countries, it becomes 
quite obvious that regulation has been very successful in increasing the number of 
rural biogas plants and the country’s capacity for renewable energy production. Still, 
the question remains as to how environmentally sustainable this increase ultimately 
is.      This  question  will  be  a  salient  focus  of  this  thesis,  leading  to  conclusions 
regarding  the  adaptability  of  the  German  regulatory  approach  to  other  countries, 
particularly Australia.  
 
1.2 Research focus and limitations 
 
This  thesis  will  concentrate  specifically  on  biogas  produced  from  agricultural 
products  and  wastes  in  rural  areas.  Other  sources,  such  as  landfills  or  sewage 
treatment plants will be excluded due to the specific focus on rural areas. In regard to 
this  special  form  of  bioenergy,  the  effectiveness,  outcomes  and  transferability  of 
certain  legal  and  financial  incentives  to  other  countries  will  be  analyzed.  This 
dissertation will address the following fundamental questions: 
 
•  What is the current status in Germany in regard to biogas from agricultural 
activities? 
•  What  legislation  and  which  financial  incentives  to  support  rural  biogas 
production have been introduced in Germany? 
•  What are the economic, ecologic and social impacts of the German efforts? 
•  What is the current status of this form of bioenergy in Australia and what 
kind of support is given by the government? 
•  How applicable is the German model to Australia?   3 
1.3 Dissertation outline 
 
Chapter 2 will provide a brief introduction to biogas as a source of renewable energy 
and discuss technologies as well as characteristics of relevant agricultural feedstock 
and farm-level plants. In Chapter 3, the German biogas industry will be examined, 
leading to the main discussion of the regulatory and fiscal framework that has shaped 
the current German biogas landscape. Legislation and financial incentives will be 
analyzed.  Chapter 4 will focus on the impact of the German framework on the 
economic, environmental and social dimensions of sustainability. Chapter 5 will turn 
to the specific agricultural and political situation in Australia and provide a brief 
overview of rural biogas production. The analysis will concentrate on five criteria to 
measure the adaptability of the German approach outlined above. In conclusion, the 
major findings will be summarized and recommendations for further research and 
political frameworks will be given. 
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2. Biogas- a new energy source from agriculture 
  
This chapter will provide an introduction to biogas technology with a special focus 
on agricultural products and wastes as a resource. The current techniques for biogas 
production  and  the  transformation  of  biogas  into  heat  and  electricity  will  be 
explained, with a focus on the most common feedstocks in Germany and their energy 
yields.  
 
2.1 Biogas parameters 
 
Biogas
3 is produced by the biochemical decomposition of organic materials in a wet 
and anaerobic environment
4. This process is called anaerobic digestion and occurs in 
many  natural  environments  such  as  the  bottom  of  lakes,  bogs  and  the  digestive 
system of cows (Research Institute for Sustainable Energy (RISE) 2008). In a series 
of several bacteria-specific biological steps, this process converts organic materials 
mainly into the gases methane and carbon dioxide, as well as water. The other rather 
solid output of anaerobic digestion is a digestate, which can be used as a fertilizer 
with  less  odor  and  higher  concentrations  of  nitrogen.  This  is  specifically 
advantageous in the case of a biogas plants affiliated to an agricultural business, 
which can directly use the fertilizer and create an improved circular economy. 
By placing the organic material in an airtight tank, called a digester, and heating the 
mixture to a temperature of between 32 and 42 degrees Celsius, the natural anaerobic 
digestive  process  can  be  enhanced.  This  technique  is  well  established  in  sewage 
treatment plants, as well as landfills and increasingly used for biogas production that 
feeds into combined heat and power plants on farms in rural Europe (Agency for 
                                                 
3 Another form of “biogas” can be produced via thermal/chemical technologies such as pyrolysis and 
gasification (Moghtaderi et al. (2006)). This is often called “wood gas” or “Syngas” and is 
sometimes classified as biogas as well.  
4 “Anaerobic” stands for an environment without oxygen.   5 
Renewable Resources (FNR) 2008a). Table 2.1 gives an overview of the average 
composition of biogas produced in German biogas plants: 
 
 
Table 2.1: Average composition of biogas  
Component  Concentration (Vol.-%) 
Methane (CH4)  50 - 75 Vol.-% 
Carbon Dioxide (CO2)  25 - 45 Vol.-% 
Water vapor (H2O)  2 – 7 Vol.-% 
Oxygen (O2)  < 2 Vol.-% 
Nitrogen (N2)  < 2 Vol.-% 
Ammonia (NH3)  < 1 Vol.-% 
Hydrogen (H2)  < 1 Vol.-% 
Hydrogen Sulfide (H2S)  20 – 20,000 parts per million 
(ppm) 
Source: FNR (2008) 
 
One  cubic  metre  (m
3)  of  methane  has  an  energy  content  of  approximately  ten 
kilowatt-hours  (9.97  kWh).    Assuming  an  average  methane  content  of  60  %  in 
German biogas plants, this leads to an average energy content of about 6 kWh and a 
heating value of roughly 0.6 L of heating oil for every cubic meter of biogas (FNR 
2008).  
 
2.2 Production and conversion technologies 
The  production  of  biogas  via  anaerobic  digestion  can  be  achieved  in  a  range  of 
different types (steel or concrete, rectangular or cylindrical, horizontal or vertical) 
and sizes of digesters. Starting from electrical capacities of nearly 30 kWel to larger 
plants with up to 5 MWel, the average size of German biogas plants has reached 330 
kWel in 2008 (BMU 2008).  
The most common type used on farms is a concrete digester with a foil cover to 
capture  the  gas.  More  than  80%  of  the  German  biogas  plants  use  exclusively   6 
agricultural wastes (manure, slurry etc.) or other renewable raw materials, so called 
“co-substrates”, which mainly include a variety of crops that have been cultivated for 
energy  purposes  (BMU  2008a).  The  main  components  of  a  typical  rural  biogas 
system are shown in Figure 2.1: 
 
 
Figure 2.1: Rural biogas plant with use of manure and co-substrates 
 
Source: FNR (2008a) (CHP: Combined Heat and Power Plant) 
 
Biogas is a very versatile source of energy and can be used in several different ways. 
However, due to the unpurified nature of the gas mix taken from the digester, further 
cleaning and preparation of biogas is necessary in order to use it without technical 
problems arising during the combustion.  
The use in a gas engine of a CHP system, or solely for heating purposes, requires the 
removal of particles and condensate, as well as a major reduction (mostly by 95%) of 
the  hydrogen  sulfide  content,  due  to  its  reactivity  and  odour  and  the  danger  of 
corrosion in the engines (FNR 2008a). Further cleaning and preparation is required 
before the gas can be used in other appliances such as fuel cells, as transport fuel or 
for direct injection into the natural gas grid. Until 2008, only 16 biogas plants have   7 
been installed with preparation facilities for a direct connection to the gas grid. Until 
now, the focus in Germany clearly lies on biogas production for electricity and heat 
generation in the so-called CHP plants. Figure 2 gives an overview of the possible 
uses of biogas: 
 
 
Figure 2.2: Utilization options for biogas  
 
Source: FNR (2008a) 
 
Most operators are currently using gas engines in their cogeneration plant systems 
(CHP).  These  engines  have  an  efficiency  of  approximately  45%,  which  can  be 
increased to around 90% with adequate use of the additional heat in other appliances 
(BMU 2008a). For that reason, the CHP technique is very favorable and has received 
regulatory preference, as discussed in chapter 3.2.  
 
2.3 Energy yield of different feedstocks 
As  mentioned  earlier,  biogas  can  be  produced  from  various  sorts  of  organic 
materials. Available feedstock can range from energy crops (corn, wheat, etc.) and 
animal residues (manure and slurry) to tallow and other organic wastes. Still, the gas 
yields of these resources differ significantly, and the superior yield of corn has led to   8 
an increased use of this renewable raw material in rural areas (BMU 2008a). Figure 
2.3 shows the biogas yields of the most common feedstocks in German plants: 
 
 
Figure 2.3: Biogas yields from different feedstocks used in Germany  
 
Source: Agency for Renewable Resources (FNR) (2008a) 
 
Compared to the waste product manure, the advantages of using energy crops are 
obvious. The biogas yield of corn silage is more than four times as high as cattle 
manure and can therefore produce much greater amounts of electricity, which in turn 
can be sold at larger profits. This important aspect of renewable raw materials has 
had  a  large  effect  on  farming  practices  and  environmental  impacts  from  biogas 
production in Germany. These effects, the impacts from using the digester waste as 
fertilizer,  and  the  direct  competition  to  food  production  will  be  analyzed  more 
closely in chapter 4.   9 
3. Biogas production in Germany’s rural areas 
3.1 History  
The conversion of biomass
5 to biogas and energy production through the utilisation 
of biogas has a long history. The process of anaerobic digestion has been used in 
German landfills and sewage treatment plants for many decades. Still, it was not until 
the early 1990s that German farmers had begun to make use of this source of energy 
production (FNR 2008a).  Especially in the south of Germany, where agriculture is 
still dominated by small-scale farming, entrepreneurs had started to establish mini 
biogas  plants  (<  30  kWel)  and  introduced  the  technology  to  rural  areas  and 
agricultural businesses (BMU 2008). 
Major changes came with the introduction of the Renewable Energy Sources Act 
(EEG) in 2000. This new legislation introduced a feed-in tariff, which ensured fixed 
prices for every kWh that had been produced by renewable energy sources and was 
fed into the grid. The law was revised in 2004 and 2008 with amendments leading to 
even  greater  incentives  for  farmers  to  build  biogas  plants  using  co-generation 
technology, encouraging them to use the heat during the generation process and sell 
the  produced  electricity  to  the  utilities.  Section  3.2  will  focus  on  structure  and 
content of the EEG in greater detail. 
From  just  850  biogas  plants  back  in  1999,  the  total  number  has  reached 
approximately  4000  in  2008  (BMU  2008).  Figure  3.1  gives  an  overview  of  the 
                                                 
5 Biomass is defined as “the biodegradable fraction of products, waste and residues from agriculture 
(including vegetal and animal substances), forestry and related  
industries, as well as the biodegradable fraction of industrial and municipal  
waste.” (Source: European Commission: A Proposal for a  
DIRECTIVE OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL   
on the promotion of the use of energy from renewable sources (2008), Online: 
http://ec.europa.eu/energy/climate_actions/doc/2008_res_directive_en.pdf) 
 
   10 
development  during  the  last  10  years  and  clearly  shows  the  effects  the  new 
legislation has had (see changes after the year 2000 and the revision year of 2004). 
 
 
Figure 3.1: Number of rural biogas plants with their total installed electrical 
capacity in Germany (1999-2007) 
 
Source: BMU (2008a) 
 
The installed electrical capacity has risen from only 49 megawattsel  (MWel) in 1999 
to more than 1270 MWel in 2008 (FNR 2008). Rural biogas now accounts for about 
8.5% of the total electricity generated from renewable energy sources in Germany 
(BMU 2008a). Since 2004, most new installations have been in the size range of 70 
to 500 kWel, but there are biogas plants running with an electrical capacity of up to 5 
MWel.  
These extremely large plants are most often located in the new federal states
6 of the 
former East Germany where large-scale agricultural structures
7 allow a sufficient 
supply of feedstock to run the plant without major interruptions in supply. From 
2004 on, the installed electrical capacity has risen much more rapidly than in the 
                                                 
6 After the German reunification in 1991, the states that were formerly part of the German Democratic 
Republic (DDR) are often referred to as “new federal states”. The agricultural structures in these 
states are still characterized by large farms established during the DDR (Source: Wikipedia, Online: 
http://en.wikipedia.org/wiki/States_of_Germany) 
7 “Large agricultural structures” in Germany refers to farms with more than 1000 ha of land. This is 
important to keep in mind for the comparison with other countries and their biogas potential in regard 
to farm level biogas plants.    11 
years before, which is mainly due to the significant increase of larger plants in the 
east and north of Germany (BMU 2008a). What becomes obvious when looking at 
the distribution of the different sizes of biogas plants is that the capacity is most often 
tied to the agricultural structure in the region. Figure 3.2 illustrates this clearly:  
 
Figure 3.2: Average biogas plant size in different federal states and Germany 
 
Source: BMU (2008a) 
 
The four federal states with the largest average size of biogas plants are all located in 
Germany’s  east  (Brandenburg,  Saxony-Anhalt,  Thuringia  and  Mecklenburg-West 
Pomerania),  where  the  larger  scale  agricultural  structure  mentioned  above  still 
prevails (Hamburg is a federal city-state and only is at the top of the list because it 
has one large biogas plant using organic wastes (BMU 2008a). The states in the 
south  (Bavaria,  Baden-Wurttemberg)  are  mainly  characterized  by  smaller 
agricultural family businesses and therefore have a large number of small-size biogas 
plants.  Lower-Saxony  and  North  Rhine-Westphalia  are  the  main  meat  producing   12 
regions and thus have the availability of great quantities of manure and slurry to feed 
into a large number of middle sized (70-500 kWel) biogas plants. 
Figure 3.3 shows the local distribution of all plants in Germany and underscores the 
observed link between agricultural structures, number and size of biogas plants in a 
specific region. The small agricultural businesses in the south and highly efficient 
meat producers in the northwest, account for the largest number of established plants. 
The fewer but larger biogas plants are mainly found in the Eastern States. 
 
Figure 3.3: Percentage distribution of biogas plants in Germany  
 
Source: BMU (2008a) 
 
Following  a  brief  introduction  to  the  history  of  the  rural  biogas  production  in 
Germany and an examination of the local distribution in the country, the following 
sections will look at the regulatory framework and fiscal incentives, which have lead 
to such a strong increase of new biogas plants.    13 
3.2 Regulatory framework  
The legal framework in Germany has lead to the highest subsidies for renewable 
energies in Europe and a corresponding increase in all major sectors of alternative 
energy production (Isermeyer 2008). The legislation that is mainly responsible for 
this  extraordinary  expansion  is  the  Renewable  Energy  Sources  Act  (Erneuerbare 
Energien  Gesetz  (EEG)).  It  is  accompanied  by  many  other  ordinances  and  laws 
regulating construction of plants, good practices in the production of feedstock and 
other aspects of electricity production.  The major legal incentive is created by the 
basic structure of the EEG, which will be explained in this chapter. In the following 
analyses,  special  emphasis  will  be  given  to  the  legislation  governing  biogas 
production from biomass in the EEG.  
 
3.2.1 The Renewable Energy Sources Act (EEG) from 2000 
With the introduction of the Renewable Energy Sources Act in 2000, the German 
government at the time, took a major step towards the increased use of renewable 
energy and the structural support of these new technologies. The main idea of this 
law was the establishment of a feed-in tariff to secure the economic profitability of 
electricity  generated  with  renewable  energies  whilst  simultaneously  advancing 
climate protection as well as energy autonomy. The payment per kWh was fixed for 
a period of 20 years with steady reductions of the payment amounts at a rate of 1.5% 
per annum. This structure favored pioneers and early adopters, meaning that the later 
the date of installation was relative to the year the law was passed (2000), the less 
money would be paid per kWh (BMU 2008d). The utilities and grid operators were 
allowed  to  pass  the  cost  premium  for  electricity  from  renewable  energies  to  the 
consumer. This enabled a spread of additional costs to all end-users without further 
burdens on the national budget.   14 
An additional core element of the EEG was that the connection of renewable systems 
to the general electricity supply grids as well as the purchase and transmission of the 
electricity  from  renewable  sources  were  given  priority  over  conventional  energy 
sources.  This was to lead to a nationwide leveling of the playing field in the German 
electricity  market  and  the  instant  competitiveness  of  renewable  energy  (BMU 
2008d).  In  order  to  organize  structure  of  payments  for  electricity,  the  different 
renewable  sources  were  allocated  to  and  priced  in  groups,  such  as  wind-,  geo-
thermal-, solar energy and biomass. 
In  terms  of  supporting  biogas,  the  law  did  not  give  any  special  incentives  for 
feedstock-related technologies. It simply defined the “compensation to be paid for 
electricity  generated  from  biomass”  (BMU  2008b)  and  therefore  separated  the 
support of agricultural biogas production from the use of landfill-, sewage- and mine 
gas. This was mainly done in order to be able to create an even larger incentive
8 for 
agricultural businesses to expand into the sector of energy production and to create 
another avenue to support German farmers in times of increasing liberalization of the 
markets. The payment scheme was structured in favor of small production plants, 
which was designed to lower the investment barriers for smaller businesses in rural 
areas seeking to engage in electricity production. Table 3.1 shows the prices to be 
paid per kWh from biogas plants using biomass.  
 
Table 3.1: Payment scheme for electricity generated with biomass 
Share of  
Capacity  
Up to 500 kWel  From 500 kWel 
To 5 MWel 
More than  
5 MWel 
Fees  
(Euro 
cents/kWh) 
10.23  9.21  8.70 
Source: BMU (2008b) 
 
                                                 
8 Electricity from biomass was in the best case bought for 10.23 Euro cents per kWh in contrast to 
landfill-, sewage- or mine gas, which was only paid with 7.69 Euro cents per kWh (BMU 2008b).   15 
For a precise legal definition of the term “biomass” and clear claims in regard to 
allowed feedstock under the EEG, a “biomass ordinance”
9 was enforced alongside 
the EEG in 2001. This ordinance compiled a list of plants and feedstock, as well as 
technologies, which enable an operator to claim the payment for renewable energy 
production (Internationales Wirtschaftsforum Renegerative Energien (IWR) 2008).  
No differences were made between facilities using solid (e.g. wood chips), liquid 
(e.g. plant oils) or gas biomass (biogas) for electricity production. The payment per 
kWh was calculated pro rata to the share of electrical capacity of each plant. This for 
example, meant that a new plant with a combined electrical capacity of 1 MWel could 
claim the following payment: 
 
Share of capacity to 500 kWel:       50 %    0.5 x 10.23 = 5.12 
Share of capacity from 500 kWel to 1 MWel:   50 %   0.5 x 9.21  = 4.61 
Total payment: 5.12 + 4.61 = 9.73 cents per kWh         
 
 
From 2000,  the EEG has had a major effect on the biogas production in rural areas 
and led to a steady increase of new plants. As displayed in section 3.1, the number of 
rural plants more than doubled between 1999 and 2004 (from 850 in 1999 to 2010 in 
2004) with the electrical capacity rising to five times the level of 2000. Still, the 
financial incentives were not always high enough for a broader adoption across the 
country.  Especially  the  small  biogas  plants  were  not  always  profitable  under  the 
existing payment scheme.  A progress report in 2002 indicated the preference for a 
more targeted support of renewable raw materials and a stronger focus on small 
plants, which led to the revision of the EEG in 2004 (BMU 2004). 
                                                 
9 The ordinance was mainly introduced to set a clear frame for the payment scheme under the EEG 
and to legally underline the separation from biomass to other products such as landfill and mine gas, 
fossil fuels or organic goods which require special treatment such as byproducts from meat 
production.    16 
3.2.2 Revision of the EEG 2004 
With the revision of the EEG in 2004, major changes were introduced to the structure 
of  payments  to  farmers,  providing  more  specific  legislative  tools  to  control  new 
installations. The biggest innovation was the introduction of a special bonus scheme 
on top of the basic fees for certain resources and technologies used. The basic fees 
for electricity produced with biogas were now structured in the following manner: 
 
Table 3.2: Basic fees per kWh generated with biomass 
Share of  
Capacity 
Up to 150 kWel  from 150 kWel 
to 500 kWel 
from 500 kWel  
to 5 MW 
5 MWel to 20 
MWel 
Basic Fees  
(Euro 
cent/kWh) 
10,67  9,18  8,25  7,79 
Source: BMU (2008e) 
 
Compared to the legislation of 2000, the main difference was a further breakdown 
into different plant sizes with slightly increased basic fees for small and decreased 
payments for larger plants. However, the more significant change that triggered the 
recent boom of larger biogas plants in rural areas, were the special financial bonuses 
available on top of the basic fees. These bonuses were structured as follows: 
 
a. Bonus for the use of cultivated biomass (NawaRo Bonus
10) 
This  bonus  was  specifically  introduced  to  increase  the  use  of  renewable  raw 
materials such as energy-rich plants and manure from animal production. The other 
main aspect was to raise the revenue of farmers and to increase the profitability of 
the biogas plants linked to their businesses. The “NawaRo Bonus” was only to be 
granted “whenever power is derived exclusively from plants or parts of plants left 
over  from  agricultural,  silvicultural  or  horticultural  operations  or  landscape 
                                                 
10 The NawaRo Bonus stands for “Nachwachsende Rohstoffe Bonus” which can be translated as 
“renewable resources bonus”.   17 
management which have not been subjected to any further treatment or modification 
beyond  the  requirements  of  harvesting,  conserving  or  conversion  in  a  biomass 
facility  and/or  from  liquid  manure  or  specific  types  of distiller’s  residue”  (BMU 
2004). This new EEG included a list of eligible plants and feedstock that could be 
used to produce biogas. This was critical, as the Federal Government legislated a 
drop of the bonus as soon as other material than biomass would be used.  
What the EEG 2004 meant was, in essence, that the German government had now 
made it profitable for agricultural businesses to produce biomass feedstock on their 
fields and use it for biogas production. The “NawaRo Bonus” was available for all 
three forms of biomass (solid, liquid and gas) and the level of the bonus was, as the 
basic fees, tied pro rata to the electrical capacity of the respective biogas installation: 
 
Table 3.3: Payment structure for the NawaRo Bonus 
Share of  
Capacity 
Up to 150 kWel  from 150 kWel 
to 500 kWel 
from 500 kWel  
to 5 MW 
5 MWel to 20 
MWel 
Bonus Fees  
(Euro 
cent/kWh) 
6  6  4  4 
Source: BMU (2004) 
 
 The rural biogas sector was quick to understand the gains to be had from this special 
incentive  and  soon  began  to  produce  large  quantities  of  crops  purely  for  energy 
generating purposes. As shown in chapter 2.3, the biogas yields of energy crops are 
much higher than of other waste products such as manure and farmers were now 
doubly encouraged to expand their biomass cultivation.  This lead to a number of 
environmental issues, which will be examined more closely in chapter 4.2. 
 
b. Bonus for Combined Heat and Power (CHP bonus) 
During the burning of biogas for electricity generation purposes a large of amount of 
heat is produced as well, which can be used for other purposes such as heating of   18 
stables, sheds, private housing or drying processes in the business. Another favorable 
option is to feed the heat into a heating grid, with the added benefit of substituting for 
the  use  of  fossil  fuels  and  of  providing  additional  income  for  the  biogas  plant 
operator.  
In order to encourage the commercial use of the heat gained from biogas combustion, 
the EEG from 2004 defined the following payment scheme: 
 
 
Table 3.4: Payment structure for the CHP Bonus 
Share of  
Capacity 
Up to 150 kWel  from 150 kWel 
to 500 kWel 
from 500 kWel  
to 5 MW 
5 MWel to 20 
MWel 
Bonus Fees  
(Euro 
cent/kWh) 
2  2  2  2 
Source: BMU (2004) 
 
3. Technology Bonus  
This  bonus  was  introduced  to  link  research  and  development  to  the  technology 
employed. The aim was to lower the barriers for innovative technologies especially 
in the biogas sector, which was not backed by large well-funded businesses. 
 
Table 3.5: Payment structure for the Technology Bonus 
Share of  
Capacity 
Up to 150 kWel  from 150 kWel 
to 500 kWel 
from 500 kWel  
to 5 MW 
5 MWel to 20 
MWel 
Bonus Fees  
(Euro 
cent/kWh) 
2  2  2  / 
Source: BMU (2004) 
 
 
This  extra  payment  was  only  granted  “for  power  generated  in  plants  where 
cogeneration is at least partially in operation and where the biomass is converted by 
means of some innovative process (e.g.: thermo-chemical gasification, fuel cells, gas   19 
turbines, the organic Rankine cycle, the Kalina cycle or Stirling engines)” (BMU 
2004). This bonus can only be claimed for facilities of up to 5 MWel. 
 
3.2.3 Revision of the EEG 2009 
With the amendments of 2004, the government had achieved a legislative framework 
that supported very effectively rural biogas production in Germany and that has led 
to a major increase in the number of new biogas plants throughout the country (see 
chapter  3.1).  In  2007  the  Renewable  Energies  Sources  Act  Progress  Report  was 
published. It gave an overview of the effects the EEG had had so far and concluded 
that further amendments were necessary in order to redirect the development towards 
greater sustainability. The EEG from 2004 had increasingly led to an expansion of 
larger plants, which were associated with rising environmental concerns and which 
had not provided the intended support of small businesses. After many discussions, 
the  final  legislated  version  of  the  new  EEG  incorporates  the  following  payment 
scheme for agricultural biogas plants in Germany: 
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Table 3.6: Structure of payments after the revision for 2009 (Euro cent/kWh) 
Share of  
Capacity 
Up to 150 kWel  from 150 kWel 
to 500 kWel 
from 500 kWel  
to 5 MW 
5 MWel to 20 
MWel 
Basic fees  11,67  
(+1 cent)
*  9,18  8,25  7,79 
NawaRo 
Bonus 
7 
(+1 cent) 
7 
(+1 cent)  4  4 
Manure 
Bonus  (min. 
30% manure) 
4  1  /  / 
Bonus  for 
Materials 
from 
Landscape 
Conservation  
2  2  /  / 
Technology  
Bonus  2  2  2  / 
CHP Bonus  3 
(+1 cent) 
3 
(+1 cent) 
3 
(+1 cent) 
3 
(+1 cent) 
Source: BMU (2008e) * Compared the EEG 2004, (/= no payments) 
 
As shown above, two new bonuses have been added and others have been increased 
in order to achieve a pronounced redirection of EEG support in favour of smaller 
operators. Until 2008 only 15 % of the manure derived from agriculture had been 
used for biogas production (BMU 2008). Meanwhile, the trend over the last years 
had been to use energy crops for high gas yields (mainly maize) and to disregard the 
promising  benefits  of  manure.  In  the  second  revision  of  the  EEG,  the  Federal 
Government  acknowledges  the  negative  environmental  impacts
11  due  to  the 
increased  use  of  large-scale  mono-cultural  farming,  which  was  the  result  of  the 
“NawaRo  Bonus”  from  2004.  Consequently,  the  “Manure  Bonus”,  as  the  name 
says, was implemented with the expressed purpose of increasing the share of solid 
and liquid manure used in rural biogas plants. Greater focus on the environmental 
impacts will be presented in Chapter 4.2.  
 
                                                 
11 Energy crops stand in direct competition to food production and the availability of agricultural land 
in Germany is very restricted. The increased use of maize and other crops as co-substrates in biogas 
plants has put a lot of pressure on the environment.    21 
Like the Manure Bonus, the “Bonus for Materials from Landscape Conservation” 
targets the same environmental issues and unused potential of agricultural wastes and 
by-products. Both new bonuses are only granted for plant capacities of up to 500 
kWel, with the “Manure Bonus” decreasing from 4 to 1 Euro cents for facilities with 
an electrical capacity in excess of 150 kWel. As in 2004, small agricultural businesses 
are the main beneficiaries. The progress report had stressed the need for their support 
due to a rise in feedstock and commodity prices (BMU 2008f). Hence, the raise of 
the  “NawaRo  Bonus”  for  smaller  plants  can  be  seen  as  another  attempt  of  the 
government to encourage small-scale biogas production. The amendment of the EEG 
in 2009 has also taken into consideration the advantages of the CHP technologies, by 
raising the bonus to 3 cents for all plant sizes. 
Following the revision of the EEG in 2008, the law is now even more detailed and 
specific in its allocation of payments. The stronger focus on CHP technology and 
agricultural waste products is a critical mechanism to keep the use of rural biogas in 
sustainable  boundaries  and  to  clearly  achieve  a  reduction  in  greenhouse  gas 
emissions. The law came into effect on the 01.01.2009 and will be reviewed in 2012. 
 
3.2.4 Renewable Energies Heat Act 2009 (EEWaermeG)  
In June 2008, the German government resolved to introduce a new law designed to 
increase the share of renewable energies in heat supply to 14 % by 2020. It came into 
force on the 01.01.2009 and has the potential to become another systemic incentive 
for rural biogas production. In contrast to the EEG, it does not contain any financial 
incentives but set of binding obligations to supply certain percentages of the heating 
in  all  new  buildings  from  renewable  energies.  No  distinction  is  made  between 
commercial or private buildings. Depending on the type of renewable energy used to 
generate the heat, its mandatory share of supply differs.    22 
 For biogas as one energy source, the share is set at 30 %. Furthermore, special 
mandatory rules have to be followed, such as the use of CHP technology and the 
fulfillment of certain environmental criteria. This reinforces the efforts of the EEG to 
promote  a  more  efficient  and  sustainable  biogas  utilization  and  gives  farmers  an 
additional incentive to use appropriate technology (BMU 2008g).  
This law is expected to lead to a stronger demand for heat from renewable energies 
and  could,  together  with  the  new  EEG,  trigger  another  major  increase  in  new 
facilities that make intelligent use of the additional heat derived as a side product 
from electricity production, something that has not always been the case with the 
EEG by itself.  
 
3.3 Financial incentives 
 
The introduction of a feed-in tariff for electricity from renewable resources in the 
EEG is a major financial incentive in and of itself that has created planning security 
for  agricultural  producers,  something  that  is  essential  for  any  aspired  change  of 
behaviour of agricultural businesses. It has generally been considered a major step 
forward and has laid the groundwork for a profitable production of biogas for energy 
production purposes. Without this legal instrument, renewable energies would not be 
able to compete with fossil fuels as input source for energy production and thus 
would  not  have  been  attractive  for  farmers.  The  payment  structure  discussed  in 
chapter 3.2 has proven to be an efficient mechanism to expand biogas production.  
 
 However, although German farmers can now plan on fixed proceeds for 20 years, 
the main barrier to the installation of new plants were and continue to be their high 
cost of capital. In order to lower the financial burden for operators associated with 
the high up-front costs, the German government developed a number of programs   23 
providing attractive loans and grants that encourage rural businesses to engage in 
renewable  energy  production.  The  financial  framework  consists  of  three  main 
instruments, legislated by different departments of the federal government, which 
will be introduced in the following chapter.  
 
3.3.1 The Market Incentive Program  
 
Since 2001, German farmers had the opportunity to access financial assistance for 
biogas  plants  under  the  so-called  “Market  Incentive  Program  for  Renewable 
Energies”  which  was  managed  by  the  BMU  (Umweltbundesamt  (UBA)  2008). 
During the assistance period between 2001 and 2008, the installation of biogas plants 
up to an electrical capacity of 70 kWel, was eligible for financial aid in the form of a 
loan at reduced interest rates from the government owned Economic Development 
Bank
12 (Kreditanstalt fuer Wiederaufbau (KfW)). The framework, under which these 
loans were granted, was called the “Renewable Energy Program”. The loans had a 
term of 20 years maximum and were available with the added benefit of the first 3 
years  being  interest-only.  There  was  no  restriction  on  the  loan  to  capital  ratio, 
meaning that the loan was available for up to 100 % of the eligible investment cost. 
Additionally, small plants were entitled to a repayment bonus financed from federal 
funds up to 15,000 Euros at the end of the loan period. The main difference in the 
support mechanism for larger plants (> 70 kWel) was that they did not have the 
opportunity to gain the repayment bonus (UBA 2008). 
Subsequent yearly progress reports had indicated that it would be beneficial to adjust 
the financial assistance with a view to providing a stronger focus on the heat market. 
As a result, since January 2009, the program has been amended to encourage the use 
                                                 
12 The KfW is a bank and was founded in 1948 in order to support the reconstruction of Germany. It is 
now 80 % government and 20 % Federal state owned and has grown to be the major financial 
backbone of German aid policy and projects on a national and international level (KfW Homepage, 
History: http://www.kfw.de/EN_Home/KfW_Bankengruppe/Our_history_-_60_years_of_KfW.jsp).   24 
of  new  and  promising  technologies.  The  amendments  to  the  Market  Incentive 
Program were introduced for the period from 2009 to 2011. They divide the program 
into a part A (“standard”) and a part B (“premium”).  Part A is the main tool for the 
broad support of renewable energy systems including rural biogas production. 
But, in contrast to the earlier program, new biogas installations with CHP plants now 
need to fulfill special requirements such as an overall efficiency ratio of min. 80%. 
Also,  special  gas-proof  tanks  are  prescribed  to  capture  the  methane  from  the 
anaerobic digestion of the solid wastes after they leave the digester (KfW 2009). The 
loan has a ceiling of 10 Million Euros, can be claimed for 100% of the investment 
costs and can be redeemed over a period of 20 years. As before, the first three years 
can be redemption-free. 
  
Part B, the  “premium” part of the program, follows the direction set in incentives 
such as the EEWaermeG (BMU 2008g) and now gives farmers access to long-term 
loans at low interest rates for specified types of biogas plants. Eligible plants must 
have the capacity to upgrade biogas to natural gas quality for injection into the gas 
grid.  Another  technique  supported  is  the  construction  of  pipelines  from  on  farm 
digesters to CHP systems nearer to villages for better use of the generated heat in a 
local heat grid. As with the loans in part A, up to 100 % of the eligible investment 
costs can be financed (maximum of 10 Million Euros), with a term of 20 years and 
three redemption-free years (BMU 2007). The major difference to part A is, that the 
operator can claim a repayment bonus for up to 30 % (but no more than 2 Million 
Euros) of the investment costs. This is what increases the attractiveness of innovative 
biogas generation substantially.  
Today,  in  2009,  the  program  is  seen  to  have  been  very  successful,  with  eligible 
investments having reached a yearly volume of 500 Million Euros for the entire 
range of renewable technologies at hand (wind, photovoltaic, etc) (BMU 2008a). The   25 
new program has shown that it can direct investments into sustainable technologies 
and innovative systems for production and use of rural biogas.  
 
3.3.2  The  Environmental  Protection  and  Energy  Efficiency 
Program  
This program was initiated also by the Federal Ministry for Environment, Nature 
Conservation and Nuclear Safety (BMU) in 2005 and is independently run by the 
KfW  as  a  project  for  environmental  protection,  energy  efficiency  and  renewable 
energies.  
Before the new EEG amendments took effect in 2009 the program gave farmers 
financing opportunities that were quite similar to the Market Incentive Program and 
that  supported  the  installation  of  CHP  technology  as  well  as  biogas  plants.  The 
conditions for the loans provided differed for projects in new or old federal states. In 
the new states applicants could get higher loans (max 1 Mio. compared to 500.000 
Euro),  with  longer  payback  periods  (20  compared  to  15  years)  and  longer 
redemption-free grace periods (up to 5 compared to 2). But, by the end of 2008, the 
major  changes  in  the  financial  support  policy  have  also  been  legislated  in  the 
Environmental  Protection  and  Energy  Efficiency  Program.    From  2009  on,  it  no 
longer covers the erection of renewable energy plants, because financial support of 
these has been sufficiently established through the Renewable Energy Program (KfW 
2009a). 
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3.3.3  Common  Task  “Improvement  of  the  Agricultural  Structure 
and Coastal Protection” 
The  Federal  Ministry  for  Food,  Agriculture  and  Consumer  Protection 
(Bundesministerium  fuer  Ernaehrung,  Landwirtschaft  und  Verbraucherschutz 
(BMELV))  is  the  third  major  institution  (beside  the  BMU  and  KfW)  that  has 
introduced financial incentives for German farmers to engage in biogas production 
for energy generation purposes.  
The  support  for  German  rural  areas  is  legislated  under  the  “Common  Task: 
Improvement  of  the  Agricultural  Structure  and  Coastal  Protection” 
(Gemeinschaftsaufgabe “Verbesserung der Agrarstruktur und des Kuestenschutzes” 
(GAK). In contrast to the other programs, it does not offer any loans, but grants. 
These grants are designed to support the goals of the European Union for its rural 
areas. They are financed with money taken from Germany’s share of the European 
Agricultural Fund for Rural Development (EAFRD) (European Commission (EC) 
2006) and require additional obligatory contributions from the federal budget.  
One of the stated goals is the diversification of agricultural incomes. Farmers have 
the opportunity to receive a grant of up to 10 percent of their investment costs for 
biogas plants, with a maximum of 100.000 Euro per year and project. In order to 
achieve a greater degree of sustainability, the grant can only be claimed for biogas 
plants with gas-proof tanks (BMELV 2008). 
Another European goal is the increased use of renewable energies in rural areas. The 
EU  emphasizes  that  this  expansion  is  to  be  achieved  using  the  most  sustainable 
technologies and production methods. This is why further grants can be claimed for 
gas pipelines from farms to combustion facilities (CHP plants) closer to the end 
users.  Like the KfW’s Renewable Energies Program, this is aiming at increasing the 
efficiency  of  biogas  plants  through  a  better  distribution  of  the  by-product  heat. 
Farmers can claim a grant for up to 25 % of the installation costs.   27 
The third major incentive for renewable energies in rural areas comes with the option 
of up to 80 % grants for energy consultancies on agricultural businesses. A farmer 
can claim up to 1.250 Euro for any consultant service regarding energy efficiency or 
energy production potential of his business (BMELV 2008a).  
The  incentives  can  be  requested  at  the  federal  state  agricultural  offices  and  are 
embedded in the authority these institution have for other agricultural programs and 
provisions. 
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4. German experiences  
Having introduced the regulatory and fiscal framework that triggered the boom in 
Germany’s  rural  biogas  production,  this  chapter  will  zero  in  on  the  effects  the 
increase  of  production  plants  has  had.  The  analysis  will  identify  the  crucial 
economic, environmental and social impacts. 
 
4.1 Economic impact 
In order to evaluate the economic impact of the use of biogas in rural areas, this 
study  will  concentrate  mainly  on  the  economic  effects  of  the  EEG  and  aim  to 
quantify costs and benefits specifically for biogas, wherever possible.  To that end, 
the most recent data available will be analyzed based on the following assumptions 
and facts: 
 
1.  Biogas  had  a  share  of  11.1%  of  the  electricity  produced  under  the  EEG 
payment scheme, which was 67 TWh
13 (BMU 2008h) in 2008. 
2.  The economic effects are caused in equal measure by all renewable energies, 
i.e. one kWh derived from wind turbines has the same economic impact as 
one kWh derived from biogas.  
3.  The average price paid per kWh from renewable energies by the utilities was 
11.4 Euro cents. The average price for electricity from fossil resources is 
approx. 5 Euro cents per kWh (data for 2007) (BMU 2008i). 
4.  The  government’s  fiscal  incentives  are  assumed  to  have  a  comparatively 
small economic effect for two reasons: favourable loans, on the one hand, are 
not an investment incentive per se, but they mainly ‘grease the wheel’ once 
an investment is deemed promising. Grants on the other hand have in the past 
                                                 
13 The difference to the overall amount of electricity produced from renewable energy of around 87.5 
TWh is mainly due to large hydropower plants, which do not get paid under the EEG, but based on 
market prices.   29 
had a negligible impact due to their Euro 15,000 ceiling. Only very recently 
has this ceiling been lifted to 30%, provided novel technology is employed 
that  has  only  recently  become  available.  Based  on  these  facts  economic 
effects  of  fiscal  incentives  will  not  be  taken  into  consideration  in  the 
calculations below (BMU 2008i).  
 
 Based on these assumptions and facts, four main effects shall be analyzed: 
a.  The incremental cost for utilities and effect on electricity prices payable by 
end users  
b.  The  wholesale  electricity  price  effect  caused  by  the  increased  supply  of 
renewable energies in Germany 
c.  External costs and benefits 
d.  Employment effects 
 
a. Incremental costs for utilities and electricity price effect for end-users 
The  regulatory  framework  provided  by  the  EEG  forces  the  German  utilities  to 
purchase electricity from renewable resources at fixed prices per kWh. From 2000 
on, the cost differential between electricity generated in conventional (fossil) and 
renewable power plants has lead to increasing costs to the utilities (BMU 2008i). In 
the year 2007, the EEG caused the utilities to buy an electricity volume of 67 TWh at 
11.4 Euro per kWh, leading to input costs for ‘clean’ energy of Euro 7.9 billion 
(BMU 2008h). This ‘clean’ electricity partially substituted conventional electricity 
priced at 5 Euro cents per kWh.  The resulting premium of 6.4 Euro cents led to 
incremental costs of around 4.3 billion Euros for the utilities. (BMU 2008h). The 
incremental costs for utilities are estimated to have reached 5 billion Euros in 2008 
(BMU 2008i).   30 
Due to the legislated option for utilities to pass their increased costs on to the end 
consumer, the end-user electricity price has been increasing since 2000 as well. Still, 
the effect of the EEG on consumer prices has been moderate. The EEG included 
clauses to protect the interests of German industry and limited increases of electricity 
prices on account of the EEG for energy-intensive industries (using in excess of 100 
GWh/annum)  to  0.05  Euro  cents/kWh.  The  price  difference  to  the  actual  market 
price is transferred to all other consumers, which has created even higher costs for 
normal households and has pushed their costs for electricity up by 1 Euro cents/kWh 
in 2007 (BMU 2008i). Table 4.1 gives a good overview on the price effects the entire 
EEG mandated costs have had so far for the end user: 
 
Table 4.1: Development of EEG costs and EEG apportionment for consumers 
Year  EEG costs  
(billion 
Euro) 
EEG 
apportionment 
(Euro cents/ 
kWh) 
2000  1.0  0.2 
2001  1.2  0.3 
2002  1.8  0.4 
2003  1.9  0.4 
2004  2.5  0.6 
2005  2.8  0.6 
2006  3.3  0.8 
2007  4.3  1.0 
2008*  5.0  1.2 
Source: BMU 2008i, * estimated 
 
Turning to biogas, based on a share of 11.1% (renewable energy generated with the 
use of biogas), the incremental costs to the utilities on account of mandatory biogas 
inclusion was 477 million Euros (Euro 4.3 billion times 11.1%). The corresponding 
increase  per  kWh  for  end  users  (which  includes  reallocated  costs  from  industry 
underpayments) was 0.11 Euro cents/kWh (1.0 Euro cents times 11.1%)  
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A study commissioned by the BMU and conducted by Wenzel (2008), has come to 
the conclusion that the EEG related premium in electricity prices for end users will 
rise  to  around  1.4  to  1.5  Euro  cents/kWh  until  2015,  but  then  strongly  decrease 
towards  2030.  This  is  mainly  due  to  the  decreasing  prices  paid  for  renewably 
generated electricity (digression of EEG payments) and an increase of prices for 
fossil resources. While a normal household (using 3.500 kWh/ year) would have paid 
approximately 3.30-3.50 Euro per month in 2008 due to the EEG, this expense will 
decrease to around 60 Euro cents per month in 2030. In regard to biogas production 
this calculation leads to additional costs of around 28 Euro cents per month in 2008 
and only around 5 Euro cents in 2030 for end-consumers (Wenzel 2008). 
From the German government’s perspective, this is a reasonable price to pay for the 
increase in sustainability achieved so far and required for the ambitious goal of 25 to 
30 percent share of renewable energy by 2020.  
 
b. The supply effect of renewable energies on the overall electricity price  
Since 2002, there have been major efforts to liberalize the German electricity market. 
In 2003 an exchange for electricity (that operates similar to a stock exchange) was 
set up in Leipzig, Germany. At this exchange called the European Energy Exchange 
(EEX)  electricity  generated  across  Europe  is  traded  at  wholesale  prices  (BMU 
2008h). The electricity market price, especially that on the spot market, has been 
influenced by the onset of renewable energy under the EEG. Figure 4.1 shows this 
effect: 
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Figure 4.1: The merit order effect of renewable energies 
 
Source: BMU (2008h) 
 
The price on the wholesale market is determined by demand and supply.  The price 
of conventional energy is determined by the most expensive conventional energy 
source  that  is  used  to  satisfy  market  demand,  the  merit  order  (point  D1).  This 
demand is now reduced by the amount of electricity delivered by renewable energies 
(now point D2). Consequently, the wholesale price for conventional energy falls: 
Due to the priority given to electricity fed in under the EEG, the most expensive 
conventional  (fossil)  power  plants  are  no  longer  required.  This  decrease  of  the 
electricity wholesale market price is called the merit order effect. It has been shown 
that this effect has led to a fall of the wholesale electricity price on the spot market 
over the last five years between 2 (2004) and 7.8 (2006) Euro/MWh (Sensfuss and 
Ragwitz 2007). More recent numbers for 2008 are not yet available, but it is highly 
plausible to assume that the merit order effect will continue to lead to lower costs for 
the utilities, allowing them to pass on these savings to end-consumers.  
 
In conclusion it is fair to assume that the payment structure under the EEG has an 
electricity  price  reducing  effect  as  well  (BMU  2008i).  Due  to  the  complex 
mechanism and many variable sources for electricity traded on the spot market, it is   33 
very  difficult  to  isolate  and  quantify  the  price  effect  attributable  to  biogas. 
Nonetheless, the generation of electricity from biogas no doubt contributes to the 
merit order effect of renewable energies and the associated economic benefit. 
 
c. External costs and import substitution 
A major weakness in the current pricing of conventional energy lies in the disregard 
of,  largely  environmental  external  effects  of  the  generation  of  electricity.  These 
external effects can be either positive or negative.  However, they do not have a 
market  price  and  are  therefore  not  accounted  for  in  calculations  of  conventional 
energy prices. If these external costs could be priced and added to the market price of 
conventional  energy  electricity  it  would  become  more  expensive  and  renewable 
energies much more competitive in the market (BMU 2008i). The external effects of 
electricity generation with renewable resources are marginal compared to the use of 
fossil fuels (Wenzel 2008a). Most regenerative generation methods create external 
costs of under 1 Euro cent/kWh compared to 7 to 8 Euro cents/kWh when brown or 
black coal are burned for electricity production (BMU 2008i)  
The  main  focus  of  recent  studies  has  been  on  possible  costs  induced  by  climate 
change. Other external effects experts have tried to price in health, harvest shortfalls 
and  other  material  damage  induced  by  carbon  dioxide  (CO2)  and  other  air 
pollutants
14. Other external effects of conventional electricity generation, such as the 
loss  of  biodiversity  or  ecosystems  as  well  as  supply  reliability  have  not  been 
quantified so far due to the lack of reliable data (BMU 2008h). 
A study aiming to quantify external effects that was commissioned by the BMU and 
conducted by Krewitt & Schlohmann (2006) has come to some robust conclusions, 
which  have  been  accepted  and  used  for  further  calculations  by  the  German 
government. According to that study, the cost induced by climate change that can be 
                                                 
14 Sulphur dioxide (SO2), Nitrous gases (NOx) and other particulates are formed together under “air 
pollutants”.   34 
predicted with a reasonable degree of reliability is about 70 Euros per ton of CO2, 
which is less than the estimate quoted in the so-called Stern Review
15 published in 
2006 (85 Euros/ton). The costs of various air pollutants range from 3280 Euros/ton to 
12,000 Euros/ton. In the year 2007, the electricity production from rural biogas made 
up around 7430 GWh (BMU 2008h) and has approximately saved 5.56 Million tons 
of  CO2  emissions  and  around  6,984  tons  of  air  pollutants
16.  Table  4.1  gives  an 
overview of averaged specific and actual savings of emissions in 2007. 
 
Table 4.1: Specific emission savings per kWh from the use of biogas and total 
emissions savings in 2007 
  Air Pollutants   
CO2  Sulphur 
dioxide 
(SO2) 
Nitrous  
gases 
(NOx) 
Pariculates 
Specific 
savings per 
kWh 
748 g  285 mg  603 mg   52 mg 
Savings in 
2007 
5.56 Mio. 
tonnes  2118 tonnes  4480 tonnes  386 tonnes 
Source: Wenzel 2008a 
 
 
Renewable energies that substitute for the use of fossil fuels can therefore lead to 
significant savings of external costs. 
In the case of biogas, this leads to monetary savings of external costs in the order of 
about  389  million  Euros  for  CO2-savings  and  about  25  million  Euros  for  the 
prevention of air pollutants
17. This adds up to a total of around 414 million Euros, 
which have been saved by the generation of electricity and heat from rural biogas 
instead of fossil fuels.  
                                                 
15 Nicolas Stern 2006: Stern Review on the Economics of Climate Change, Online: http://www.hm-
treasury.gov.uk/independent_reviews/stern_review_economics_climate_change/stern_review_report.c
fm 
16 A closer look at CO2 emissions and air pollutants environmental effects will occur in 4.2. 
17 Calculated as followed: 5.56 Million times 70 Euros and 2118 times 3280 Euros + 4480 times 3320 
Euros + 386 times 12,000 Euros.   35 
A further aspect of the national generation of renewable energy is the substitution of 
fossil fuels. In Germany, except for coal, a large share of these fossil resources have 
to be imported, which creates additional costs and insecurity due to unstable prices. 
Due  to  the  strong  increase  of  electricity  production  from  renewable  energies  the 
energy import bill for fossil fuels could be reduced by 1 billion Euros in 2007 for the 
electricity market alone (Wenzel 2008a).  When assuming that 11.1 percent of this 
renewable electricity was produced from biogas, the import savings of about 111,000 
Euros can be attributed to this generation and added to the external benefits.  
Compared to the incremental costs for the utilities of 477 million Euros the savings 
of external costs (external benefits) from conventional electricity generation clearly 
more  than  compensated  for  the  cost  premium  borne  by  the  utilities  and  the 
consumers. 
 
d. Labor market effects 
The estimation of employment effects tied to the increase of renewable energies in 
Germany  is  a  very  difficult  task  and  dependent  on  many  variables.    Relatively 
reliable data has proven that in 2007 around 245,000 people were employed in jobs 
linked  to  renewable  energy  directly  (production  and  operation  of  systems)  or 
indirectly  (suppliers  or  upstream  economic  sectors  like  engine  manufacturers, 
insurance or other services). In addition, another 4,300 jobs are estimated to have 
been established in federal agencies linked to the sector (Kratzat et al. 2008). This 
leads to a total of approximately 249,300 people employed by the German renewable 
energy industry. From that figure, approximately 13,500 people were employed in 
the biogas and plant oil industry (BMU 2008i). 
A  further  breakdown  has  proven  to  be  too  difficult,  because  jobs  created  by 
bioenergy are most often closely linked to agriculture and an exact allocation of jobs 
is not always possible (Buehler et al. 2007).   36 
 Also, it is important to note that the employment effects mentioned above are only 
estimates  of  “gross  employment”.    Factors  that  run  counter  to  the  positive 
employment impact of renewable energies include the substitution of employment in 
fossil  energy  generation,  reduced  consumption  of  goods  due  to  the  greater  cost 
burden on end-consumers (EEG apportionment) and the influence of foreign trade 
(more  imports  or  more  exports)  When  taking  these  factors  into  account  the  “net 
employment”  due  to  renewable  energies  in  Germany  is  actually  much  smaller. 
Although  the  ’gross  employment’  could  increase  to  400,000  in  2020,  it  is  quite 
possible that the ’net effect‘ could only be about 70.000 new jobs (BMU 2006).  It 
should be noted, however, that these calculations are very uncertain and depend on 
many variables that are not easy to predict for the future (BMU 2008i). 
 
4.2 Environmental impact 
Following the analysis of the economic impact of renewable energies, this chapter 
will summarize the main environmental effects and issues related to the generation of 
electricity with rural biogas. Due to significant differences in the level of available 
data, some effects will be presented as qualitative environmental trends (land use 
changes, use of the digestate, etc.), others as quantitative, i.e. measurable impacts 
(emissions).   
The main environmental policy goal of the German government is the reduction of 
greenhouse gases. As a result, this is often the pivotal measure of environmental 
impact  assessments  (Wenzel  2008a).  Still,  Germany’s  marked  increase  of  rural 
biogas production has lead to many other issues, which must also find consideration 
when  evaluating  the  environmental  dimension  of  sustainability.  Therefore,  the 
analysis will focus on the following main effects induced by rural biogas: 
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a.  CO2 emissions and other air pollutants 
b.  Land-use changes and the cultivation of energy crops 
c.  Issues related to the use of the digestate 
 
a. CO2 emissions and other air pollutants 
As  shown  in  chapter  4.1,  the  use  of  biogas  for  energy  and  heat  production  has 
resulted in a measurable reduction of CO2 and other air pollutants in Germany in 
2007. Based on data from Wenzel (2008a) and the BMU (2008i), a reduction in the 
order of 5.56 million tons of CO2, 2,118 tons of SO2, 4,880 tons of nitrous gases and 
386 tons of particulates can be calculated. Table 4.1 shows how the use of rural 
biogas has lead to climate protection (CO2, NOx), reduced acidification (SO2) and 
better air quality (particulates). 
Still,  a  study  published  in  2008  by  the  Institute  for  Energy  and  Environmental 
Research (Institut fuer Energie- und Umweltforschung (IFEU)) has identified some 
crucial aspects for the overall environmental assessment of biogas. The large range 
of possible variables at each biogas plant can result in extremely different outcomes 
in regard to climate protection. The main factors that influence the greenhouse gas 
balance of biogas installations are: 
-   feedstock used 
-  size of the biogas plant 
-  type of engine used 
-  use of heat from the electricity generation process 
-  use of gas-proof tanks for the storage of the digestate 
In  general,  the  use  of  manure  for  the  generation  of  biogas  is  more  effective  for 
greenhouse gas mitigation than the use of energy crops. Of course, the latter have 
first to be grown, which is an additional energy consuming process when compared 
to  the  use  of  wastes.  When  analyzing  the  size  of  biogas  facilities,  large  plants   38 
obviously have greater economies of scale, leading to a higher efficiency and better 
results for large plants. On the other hand, large plants will require a larger amount of 
feedstock,  which  is  not  always  available  and  could  produce  more  heat  than  can 
efficiently be utilized. In terms of the type of engine used, gas engines emit less 
methane  during  the  burning  process  and  can  therefore  lead  to  greater  climate 
protection. The same applies to the increased use of heat. The larger the share of heat 
used, the more emissions can be avoided from fossil fuels used for the same purpose. 
The last, but major finding of the study was, that it is most important to store the 
digestate in gas-proof tanks after leaving the digester. The emissions of methane 
from uncovered digestate can be almost twice as high as of a gas-proof tank with use 
of the remaining methane (IFEU & Partners 2008). 
When  considering  this  additional  data,  the  greenhouse  gas  effect  of  an  average 
biogas plant (500kWel CHP plant, 20% use of the heat and generation with a gas 
engine) is around 530 g of CO2-equivalents/kWh saved assuming the use of manure 
and only around 180 g of CO2-equivalents/kWh saved assuming corn as a feedstock 
(BMU 2008). The difference to the figure quoted in chapter 4.1 (748g CO2 emission 
avoided  per  kWh)  results  from  the  consideration  of  CO2-equivalents/kWh  in  the 
calculation above, and not just CO2 by itself as done earlier. 
 
The advantage of the use of manure instead of corn (as well as other energy crops) is 
obvious. Although corn can produce much larger biogas yields (see chapter 2.3), the 
impact on climate protection is less than half as significant as that of manure. Still, 
until now only around 15% of Germany’s manure capacity is utilized in rural biogas 
plants (IFEU & Partners 2008a). This is mainly due to financial incentives provided 
by the German legislation (EEG 2004), which have lead to a rapid increase of energy 
crops and the relatively inferior role of manure. The effects this increase has had on 
agricultural practices will be examined next.   39 
b. The cultivation of energy crops and land use changes in Germany 
Land-use  changes  have  been  a  major  item  of  interest  in  2008  due  to  the  strong 
increase of world market prices for agricultural products. Many saw the main reason 
for these increases in the use of biomass for bioenergy purposes, which competed 
directly with the production of biomass for food production. In some specific cases 
the use of bioenergy has been tied directly to price increases (Heinrich 2008). 
When trying to analyze the impact of electricity and heat production from biogas on 
land-use  changes  in  Germany,  there  is  very  little  data  available.  A  quantitative 
calculation has not yet been conducted and there is so far no undisputed proof for a 
direct link between biogas and rising food prices. Still, there are certain trends in the 
cultivation of German fields, which allow an indicative evaluation of the effects of 
biogas production on agricultural land use.  
The introduction of the NawaRo-Bonus in 2004 gave farmers a significant incentive 
to  grow  energy  crops.    Figure  4.2  shows  the  overall  increase  in  generation  of 
renewable raw materials in Germany since 1997. 
 
Figure 4.2: Cultivation of renewable raw materials 
 
Source: FNR 2008   40 
From the 500,000 hectares (ha) of crop cultivated for biogas, approximately 80% 
were corn, 9% grass silage and 12% other energy crops (mostly used in form of 
silages)  (IFEU  &  Partners  2008a).  The  BMU  (2008a)  estimates  a  long-term 
sustainable potential of 550.000 ha (5% of the total arable land) for renewable raw 
materials grown for biogas generation. It is striking that this figure has almost been 
reached  by  2008  and  it  is  quite  possible  that  the  cultivation  of  biogas  crop  will 
expand beyond the estimated sustainable limit. 
Also, the BMU has found that the land use changes have not always happened in a 
sustainable manner. In many cases, grassland and cultivated pastures were plowed to 
gain  new  arable  land.  Cultivated  fields  emit  far  more  greenhouse  gases  than 
grasslands, which bind carbon for a much longer period and are very important for 
climate  protection  (IFEU  &  Partners  2008a).  Another  major  problem  is  the 
cultivation  of  areas  that  have  formerly  been  abandoned  as  arable  land  for 
environmental protection purposes paid for by the BMELV.  
In  conclusion  it  can  be  stated  that  the  production  of  biogas  has  lead  to  the 
encroachment of crops grown as renewable raw materials onto formerly virgin areas 
with high natural value or importance for climate protection, rather than displacing 
food production (IFEU 2008a).  
Further, there are other problematic effects on abiotic resources (water, soil), which 
can be linked to the cultivation of energy crops. Corn, the major feedstock used, is a 
plant that can have a great impact on the environment: 
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Table  4.2:  Environmental  parameters  for  the  cultivation  of  energy  crops  in 
Germany 
(A= low risk, B= medium risk, C= high risk) 
  Rapeseed  Corn  Wheat  Grassland 
Nutrient 
eluviation 
C  C  B  A 
Pesticide  
entries 
C  B  B  A 
Soil 
erosion 
A  C  B  A 
Soil  
compaction 
A  C  B  A 
Water use  B  B/C  B  B 
Source: Nitsch et al. (2008) 
 
The cultivation of corn comes with the significant risk of nutrient eluviations, soil 
erosion and soil compaction. The risk for pesticide entries and water use are medium. 
When compared to grasslands that have been plowed for corn cultivation – the worst-
case scenario – the significant array of environmental disadvantages becomes clear. 
Also, economic incentives for farmers to change the former use of land, to energy 
crop production have often caused major damage to the flora and fauna in those 
regions (BMU 2008a). Hence a holistic view should be taken when analyzing biogas 
from energy crops, meaning that an isolated focus on greenhouse gas balances is not 
sufficient. 
 
c. Issues related to the use of the digestate 
Again, there are great differences between the uses of manure and energy crops as a 
source for biogas. In general the digestate is stored in tanks and the most common 
practice is to use it as fertilizer on the farm’s own fields. It has been shown that 
farmers tend to bring out the digestate on fields closer to the biogas plant, which 
results in increased nitrogen levels in those areas. The nitrogen can be washed out 
into ground waters and pollute the waterways, which is a major negative side effect 
that can occur due to biogas production (Nitsch et al. 2008).    42 
When analyzing the effects of biogas digestates, manure should clearly be favoured 
in comparison to corn. Manure would be used as a fertilizer without any treatment in 
a biogas plant anyway and can yield benefits after going through a biogas digester. 
These benefits include reduced odour, fewer germs and increased concentrations of 
ammonium (NH4
+), which can be taken up by plants more easily. The emissions of 
ammonia (NH3) are slightly reduced compared to untreated manure, which is another 
benefit to take into account.  
Digestate from energy crops on the other hand is a further burden to the environment. 
It increases ammonia emissions, which is a major problem of energy crops as source 
material  for  biogas  plants.    It  therefore  creates  additional  adverse  environmental 
effects compared to manure, not leading to any reductions but in fact increasing 
fertilizer use and emissions from German fields (BMU 2008a). 
 
 
4.3 Social aspects 
The social impact of Germany’s rural biogas industry is very hard to quantify. Lack 
of data and specific studies on social effects can only lead to assumptions, rather than 
results. The main criteria allowing a certain assessment are the payments that have 
been given to farmers in rural areas for electricity under the EEG. In 2007, biogas 
producers received a total of approximately 869 million Euros (11% of 7.9 billion 
Euros) for electricity generation from biogas.  
The greatest advantage for German farmers is the new income source, which has 
been established with the opportunity to become an energy producer. Biogas plants 
can  improve  the  financial  viability  of  rural  areas  and  therefore  increase  their 
attractiveness. The trend to liberalizing the European agricultural market is a major 
threat to smaller businesses, which are still widely spread in German rural areas. The 
opportunity  to  gain  profits  with  electricity  and  heat  generation  can  provide  the   43 
chance  to  keep  them  from  stopping  business  and  is  the  main  social  benefit  of 
Germany’s developing biogas industry. 
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5. Adaptability to Australia 
With the knowledge of the German framework and experiences in introducing biogas 
for energy generation purposes, the focus will now shift to exploring the adaptability 
of  the  German  approaches  to  Australia.  The  main  characteristics  of  the  German 
framework are the feed-in tariff for “green” electricity and financial incentives to 
lower capital costs of investments via special loans and grants. The mandated feed-in 
of heat from renewable energy will be excluded because it has only come into force 
in 2009 and has not yet allowed any conclusions on its effectiveness. 
The adaptability will be analyzed using five main criteria (Table 5.1). In doing so, 
the  analysis  will  summarize  the  current  situation  with  regard  to  rural  biogas 
generation and the regulatory instruments currently in force and planned in Australia.  
The focus will be on a federal and not on a state level. 
 
Table 5.1: Criteria to measure the adaptability of German biogas policies 
Criterion  Focus of analysis 
Environmental urgency  -  Agricultural 
emissions 
-  Manure 
management 
Role of the agricultural 
sector under emissions 
trading schemes (ETS) 
-  is an ETS enforced 
-  is the agricultural 
sector included 
Availability of biomass  -  agricultural 
structure 
-  manure potential  
-  energy crops 
potential 
Political enforceability   -  current renewable 
energy legislation 
-  fiscal incentives 
-  political sentiment 
Technological 
preparedness 
-  technologies 
available 
-  costs of biogas 
installations 
   45 
5.1 Environmental urgency 
Australia’s agriculture is confronted with major challenges. On the one hand the 
sector is one of the largest sources of greenhouse gas emissions (16.4% of total 
emissions in 2006).  On the other hand it is one of the most vulnerable in regard to 
climate change (Department of Climate Change (DCC) 2008). In 2005, Australian 
agriculture  was  the  root  cause  of  approximately  89.8  million  tonnes  of  CO2-
equivalents. From these, about 82% (72.8 million tonnes of CO2-equivalents) were 
caused by the livestock industry. Although the greatest part of these emissions came 
from the enteric fermentation in ruminants (cows, sheep etc.), manure management 
from intensive livestock industries made up about 3.6 million tonnes (MT) of CO2-
equivalents.  
This is where the greatest potential of rural biogas production lies in terms of directly 
reducing greenhouse gas emissions.  Current manure management techniques do not 
consider the capture and use of methane in Australia. Most often the manure is stored 
in lagoons or other uncovered storage forms.  Aside from gas emissions, this method 
of storage can lead to contamination of soils and groundwater.  
 
While Australia’s agricultural sector is causing large emissions of greenhouse gases, 
it has the chance to start to counteract these via several strategies.  Most directly, 
emissions from enteric fermentation can most effectively be mitigated by a reduction 
of  livestock  numbers  (Garnaut  2008).  Furthermore,  efficient  technologies  and 
systems to reduce methane emissions can be employed to address existing manure 
management weaknesses.  
The environmental urgency to act is more than obvious. Although 3.6 MT of CO2-
equivalents for direct savings may not seem very significant compared to the overall 
emissions  from  agriculture,  introducing  the  use  of  rural  biogas  could  be  a  step 
towards  a  more  climate  friendly  industry  and  lead  to  additional  savings  via  the   46 
substitution of conventional energy.  If one included the use of energy crops for 
electricity and heat production, the positive climate effect could be extended even 
further, provided the cultivation is done in a sustainable manner and the digestate is 
used to substitute for mineral fertilizers, which cause large emissions during their 
production. 
 
5.2 Role of the agricultural sector under emissions-trading 
schemes  
Germany, as part of the European Union, is already participating in an emission-
trading  scheme.    The  agricultural  sector,  however,  has  not  been  included  in  the 
scheme. This is mainly due to the diversity of emission sources at farm-level and the 
many  (small)  individual  participants  in  this  industry  sector.  In  contrast  to  other 
industries with large emitters, agricultural suppliers were seen to be too fragmented 
for inclusion into the emissions-trading scheme. 
Australia is planning to introduce the Carbon Pollution Reduction Scheme (CPRS) 
by 2010 and has had discussion on the participation of agriculture in such a system as 
well (Australian Government 2008). Similar to Europe’s approach, it was decided 
that agriculture should be excluded from the scheme. Still, a working group will 
develop a recommendation by 2013 whether or not the sector is to be included from 
2015 onwards.  
The CPRS is the Australian Government’s main economic tool in combating climate 
change. If agriculture is not to be included, other mechanisms and instruments will 
have to be introduced in order to effect reduction of greenhouse gas emissions in that 
industry. The main problem is that farm businesses cannot be compared with large 
economic structures prevalent in other industries. The government will not want to 
encumber  agricultural  businesses  but  rather  support  their  functions  as  food   47 
producers,  landscape  restorers  and  supporters  of  rural  structures.  From  that 
perspective, the German approach of providing strong financial incentives for the 
generation of rural electricity and heat generation via a feed-in tariff and mandated 
demand, as well as lowering the barriers of high capital costs, could certainly benefit 
farmers  and  be  complementary  to  the  CPRS.  A  closer  look  at  the  political 
enforceability of such an approach will be taken in chapter 5.4. 
 
5.3 Availability of biomass 
Australia’s agricultural structures differ markedly from Germany’s. The sheer size of 
the Australian continent offers different potentials than the limited land available in 
densely-populated  Germany  (BMU  2008).  Further,  the  long  period  of  European 
protectionist  policies  for  the  agricultural  sector  have  perpetuated  relatively  small 
family-centered farming businesses. Only recently have structural changes begun to 
occur in Germany that lead to increased pressure on farmers to compete with world 
market prices. This is why the German Government has put special emphasis on the 
support of smaller businesses within the EEG, with the aim of creating new income 
sources within the scope of a sustainable rural development. 
 
Australia, on the other hand, has already gone through the process of liberalizing its 
agricultural sector and it has become an efficient industry with comparatively larger 
average  livestock  numbers  and  areas  cultivated  (DCC  2008a).  Another  main 
difference  lies  in  the  livestock  systems.  The  greatest  part  of  Australian  beef 
production  is  done  as  free-range  farming
18  (84%  of  all  cattle  in  2005)  and  a 
significant fraction of Australian farms is not connected to the national electricity 
grid. Both aspects, for their own reasons, can be seen as major disadvantages when 
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considering the introduction of a feed-in tariff. Manure capture is impossible in a 
free-range system and the grid connection is a necessity for equal rights for farmers 
On the other hand, government funds could be directed into grid extension, which 
would benefit farmers and all others in rural areas. This would be a great task in 
itself, requiring further research into which regions would offer enough potential for 
electricity production and would benefit most from grid connection. 
 In  stark  contrast  to  Australia,  availability  of  agricultural  land  in  Germany  is 
restricted. Most of its meat, milk and egg production is more densely located and 
more intensified, providing greater ease of manure capture and storage.  
Notwithstanding, Australia in general has a very high potential for turning biomass to 
biogas (Rose 2008). Even though the greater part of its cattle stock is out of the reach 
of manure collecting systems, there were still around 1.35 million head of feedlot 
cattle in 2005 and about 3 million head of cattle in the dairy sector. Both provide the 
main precondition for biogas production from manure. Other livestock industries, 
such as pig (2.7 million head) or poultry
19 (meat and egg) production can be sources 
of manure for biogas as well (DCC 2008).  
When  considering  the  use  of  energy  crops,  the  potential  for  biogas  production 
increases even more. Statistics show that in 2007 more than 11.8 million hectares of 
land in Australia were cultivated for wheat production, more than a further 5 million 
hectares  for  other  crops  and  49,000  hectares  for  maize  (Australian  Bureau  of 
Statistics 2008). Although wheat can be used for biogas production as well, it has 
lower yields per hectare and slightly lower biogas yields when used as feedstock.  
Contrasting  the  500,000  hectares  used  for  energy  maize  cultivation  and  the  17 
million hectares of total agricultural land
20 in Germany, the sheer size of potentially 
arable land in Australia appears to lend itself to an increased development of energy 
                                                 
19 There are some manure specific problems with low pH values with manure from poultry, but these 
can be solved as systems in Germany have proven. 
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crops.  Having said that, it would be necessary to try and avoid negative land use 
changes such as those encountered in Germany, and to not undermine the production 
of food. Potential profits from exports of wheat would most likely be the major 
competitor to investments into the production of biogas from energy crops. Again, a 
suitable  feed-in  tariff,  accompanied  by  fiscal  incentives  that  lower  capital  costs, 
could be sufficiently strong incentives for farmers to utilize the available potential in 
rural areas and become energy producers. 
 
5.4 Political enforceability 
Comparable  to  the  various  efforts  in  Europe  to  expand  renewable  energies,  the 
Australian Government has also enforced legislation to increase its share of cleaner 
energy forms. Still, when analyzing the regulatory and fiscal framework in Australia 
it is very obvious that it took a change of the Commonwealth Government in 2007 
for higher goals for renewable energies and stronger mechanisms against climate 
change  to be instated.  
In prior years, the Mandatory Renewable Energy Target (MRET) was legislated in 
2001. It mandated the goal of an additional 9,500 GWh of electricity generated from 
renewable energies by 2010. ‘Liable parties’, mainly electricity retailers and large 
wholesale electricity buyers were forced to acquire and surrender Renewable Energy 
Certificates  (REC)  in  order  to  fulfill  their  obligated  share  of  renewable  energy. 
Operators of renewable energy power stations and other environmentally friendly 
technologies have since been accredited and entitled to sell one REC per each MWh 
of energy produced. If the liable parties are not able to fulfill their obligated share of 
RECs,  they  have  to  pay  a  40  AUD  $  fine  for  every  REC  owing  (Office  of  the 
Renewable Energy Regulator 2008).   50 
Since 2007, Australia’s Government has acknowledged the threat of climate change 
and  sees  a  significant  potential  in  renewable  energy  to  reduce  greenhouse  gas 
emissions and tackle climate change (Australian Government 2007b). In 2008, the 
new federal government under Prime Minister Kevin Rudd announced that it will 
expand the goal of 9,500 GWh in 2010 to 45,000 GWh in 2020, which shall be 
achieved under a new national Renewable Energy Target (RET). This would lead to 
a 20% share of Australia’s electricity supply coming from renewable energy sources. 
The system will be almost identical to the structure of the MRET and absorb other 
State and Territorial renewable energy targets into one single national scheme. Rural 
biogas production and generation of electricity can be accredited as renewable power 
stations and are entitled to participate in the RECs market under the existing MRET 
and new RET scheme. However, it is important to note that due to the shortfall 
charge of 40 AUD $ per REC, the price for the RECs will not climb any higher than 
the given penalty payment, as it would be cheaper for liable parties to just pay the 
fine. It seems that for some types of renewable energy, and rural biogas plants appear 
to be one of them, the current financial incentive achieved with the RECs market is 
likely to be too low compared to high capital costs of new technologies involved. 
Furthermore,  prices  for  RECs  are  likely  to  decrease  once  a  growing  number  of 
participants start to produce clean electricity. This will undermine planning security, 
which is vital for investing operators and especially farmers. The Government says 
that it plans to set the new penalty charge for non-compliance “at a level marginally 
higher  than  the  projected  peak  of  REC  price”  in  the  RET  scheme  (Australian 
Government 2008a). Still, looking at the German benchmark of possible payments of 
up 296.7 Euros
21, it is questionable if this will lead to prices for RECs high enough to 
support development of a commercially viable rural biogas market.  
                                                 
21 Includes all possible bonuses and a small biogas plant up to 150 kWel.   51 
From an overall perspective, the approach to create a market for RECs by prescribing 
a mandatory supply of renewable energy is quite different to the German approach of 
feed-in tariffs that focuses on the demand side of the market. Especially in the case 
of  biogas  from  farms,  the  German  approach  to  guarantee  demand  at  guaranteed 
prices  has  been  shown  to  be  very  effective  as  compared  to  the  Australian 
penalization of undersupply and the unstable market for RECs. To this date, there is 
only one piggery in Australia that captures and uses biogas to produce electricity 
(Rose 2009). Australian projects for the use of energy crops to generate biogas is still 
in  its  infant  stage  and  lacks  practical  experiences  from  which  to  draw  any 
conclusions. 
 
In terms of financial support for renewable technologies, rural biogas generation has 
not found any special consideration under national legislation (Schuck 2009). Still, 
from 2008 on the budget for climate change measures provides two major funds, 
which could include financial support for rural biogas plants. 500 million AUD $ 
will be invested into the commercialization of renewable energy over a period of 
seven years under the Renewable Energy Fund and another 130 million AUD $ for 
Australia’s  Farming  Future  Initiative.  It  will  include  support  for  “technological 
solutions to address adaptation and mitigation challenges” for farmers (Australian 
Government 2008c). In addition, specialized loans with attractive terms, as applied in 
Germany, could also be effective in lowering financial barriers. 
 
When  analyzing  the  adaptability  of  the  feed-in  tariff  in  regard  to  its  political 
enforceability, two major barriers come to light. Firstly, the Government is already in 
the process of writing a different incentive scheme into legislation and secondly, 
electricity is a State responsibility. This makes it considerably more difficult than in 
Germany  to  enforce  a  nationwide  feed-in  tariff.  The  Government  would  have  to   52 
interpret  the  feed-in  tariff  as  an  instrument  to  tackle  climate  change,  which  is  a 
federal responsibility. Further research is needed to explore this option in greater 
detail. Nonetheless, a strong case can be made that a feed-in tariff could act as a 
strong incentive to invest in sustainable biogas technologies particularly if this was 
supported by grants or loans to qualifying biogas plants (Rose 2008).  
 
5.5 Technological preparedness 
The first and most likely use of biogas production in Australia could be achieved in 
that part of the livestock sector where manure can be captured for methane recovery. 
Due  to  significant  differences  in  manure  management  and  storage  in  Australia 
compared to Germany, the technological use of biogas would have to be scalable and 
designed to meet Australian conditions. For example, manure in Germany is already 
stored in large tanks, which makes it easy to hook them up with a digester, whereas 
Australian  farmers  deposit  their  manure  into  open  lagoons  dug  into  the  ground. 
Several institutes are currently undertaking research on this topic and are developing 
specific  technologies  to  fit  Australian  conditions  (Rural  Industries  Research  and 
Development Corporation (RIRDC) 2008). 
The RIRDC (2008a) has identified a lack of suitable equipment and technologies, as 
well as suppliers and promoters, as a major barrier for an expanded use of biogas. To 
overcome this obstacle, it will be essential to use some of the financial support from 
the new funds mentioned above to develop a new biogas production system, which 
then can be distributed throughout Australia. 
As mentioned before, the fact that some farms are not connected to electricity grids is 
a major disadvantage when thinking of adopting a feed-in tariff in Australia. This 
fact produces a certain degree of conflict potential because some farmers will have 
better opportunities than others, whereas in contrast, the use of RECs, in theory,   53 
provides the same conditions for all. There seems to be a strong argument, however, 
that the German approach can lead to stronger incentives then the MRET has proven 
so far in Australia. Again, further research will be needed to estimate potential gains 
from payments per kWh compared to other solutions available. 
 
5.6 Findings and recommendations 
When analyzing the five main criteria to measure the adaptability of the German 
biogas incentive framework to Australia, a mixed result emerges (see Table 5.2). 
 
Table 5.2: Potential adaptability for Australia 
(+= small potential, ++= medium potential, +++= high potential) 
Criteria  Adaptability 
Environmental urgency  +++ 
Role of the agricultural 
sector under emissions 
trading schemes (ETS) 
++ 
Availability of biomass  +++ 
Political enforceability   + 
Technological 
preparedness  + 
 
 
The environmental urgency is very clear with Australia’s agriculture being one of the 
main  emitters  of  greenhouse  gases.  Further  actions  are  also  required  due  to  the 
exemption of the agricultural sector from the emissions-trading scheme starting in 
2010. Australia has a large potential for the production of biomass, which goes hand 
in hand with biogas generation and the chances for farmers to use this method of 
energy generation. The main barriers of adapting a feed-in tariff and fiscal incentives 
embodied in the German approach, lie in the fact that the new federal government 
has already worked out its own system to tackle climate change and the expansion of   54 
renewable energy. Still, the political sentiment is in favour of stronger incentives 
compared to the former political situation in Australia. In the end, some time will be 
needed for the development of technologies suitable for Australian conditions. Most 
likely, it will not be possible to just copy European systems. Grid connection of 
farms is another major issue to resolve and compared to other options, such as self-
sufficient remote power stations. 
 
The main finding of this analysis is that the German approach of paving the way for 
an  increased  use  of  biogas  can  in  principle  be  adapted  to  Australian  conditions, 
provided the government sees the need to introduce further incentives and provided 
efficient technologies are available. Time will show if the RET will be as successful 
as the EEG and if Australian funding options will lead to the same investments as in 
German rural regions. The adaptability of a similar scheme for Australia will most 
likely increase as better technologies become available, and as the public sentiment 
continues to support the idea of environmental protection. 
If considered, a new feed-in tariff for renewable energy in Australia should take into 
account the German experiences and put a strong emphasis on wastes and innovative 
technologies  before  resorting  to  energy  crops.  As  with  any  other  country’s 
administration,  the  Australian  government  would  have  to  design  a  system  with 
appropriate prices per kWh and ensure the environmental sustainability of such a 
strong incentive. 
There may be further strong political obstacles to biogas development in Australia as 
the rural sector has its own political party, the National Party, and they have resisted 
climate  change  initiatives  and  are  opposed  to  the  CPRS.  For  this  reason,  the 
Government has chosen to leave agriculture out of the CPRS for the present.   55 
6. Conclusions 
Germany has achieved a significant increase of electricity generation from biogas, 
especially in rural areas. The regulatory framework, which has lead to investments 
and  the  introduction  of  renewable  energy  technologies,  has  proven  to  be  very 
effective. 
The analysis of its sustainability has lead to a somewhat more differentiated result. 
From an economic perspective the feed-in tariff has been a successful instrument 
with only small increases for end-consumer costs for electricity. If external effects 
are considered, a clear benefit can be calculated for the overall economy. It can be 
assumed that the social effects have been positive as well. The main problems and 
negative effects have been found to lie in the environmental impacts of the increased 
use of biogas. It has taken the German Government more than eight years and two 
amendments of legislation to redirect incentives towards a higher use of agricultural 
wastes (manure, landscape conservation materials, etc.). The NawaRo-Bonus was the 
main trigger for many farmers to increase the cultivation of energy crops, which had 
a range of negative effects on Germany’s limited agricultural land. These mistakes 
can be taken into account in order to create better frameworks in other countries. 
Australia’s Government has just recently decided to rely on other instruments (such 
as  RET)  designed  to  increase  the  share  of  renewable  energy  for  the  country’s 
electricity  supply.    Nonetheless,  the  analysis  of  the  adaptability  of  the  German 
approach  for  Australia  has  come  to  the  conclusion  that  this  approach  would  be 
possible under certain conditions. If a feed-in tariff were introduced it could support 
the  RET  and  give  special  incentives  to  favoured  forms  of  renewable  energy. 
Especially farmers could gain from such an incentive, provided it is accompanied by 
further political assistance designed to lower the barriers of high initial capital costs 
for such investments.   
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In conclusion, this study has documented the effectiveness of the German regulatory 
framework  to  increase  rural  biogas  production  and  use.  A  set  of  criteria  for  the 
assessment of the possible adaptation in other countries has been developed.  Taking 
Australia as an example, these criteria have been applied in a brief discussion of the 
Australian situation in regard to biogas. 
 
No matter which political incentives are used in the future, their necessity is beyond 
doubt. Without an appropriate regulatory framework, rural biogas and other types of 
renewable  energy  will  not  be  competitive  vis-a-vis  the  subsidized  prices  of 
conventional electricity. Leveling the playing field cannot be done without additional 
government-led investments. However, such investments can be expected to yield 
substantial profits in years to come. 
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